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Abstract

RT-PCR is commonly used for the detection of Bcr-Abl fusion transcripts in patients
diagnosed with chronic myelogenous leukemia, CML. Two fusion transcripts
predominate in CML, Br-Abl el13a2 and el4a2. We have developed reverse transcriptase
isothermal loop-mediated amplification (RT-LAMP) assays to detect these two fusion

transcripts along with the normal Bcr transcript.



Introduction

The fusion of the breakpoint cluster region (Bcr) on chromosome 22q11 with the Abelson
(4bl) proto-oncogene on chromosome 9q34 results in a reciprocal translocation known as
the Philadelphia chromosome (Ph) (Nowell, 1960; Rowley, 1973). Several breakpoints
have been identified in Ber and the fusion of these different breakpoints to 4b/ results in
chimeric proteins of different length. These chimeric proteins have elevated tyrosine
kinase activity and are associated with distinct forms of leukemia. The most common
Bcr-Abl fusions found in human leukemia involve fusion of Bcr exon 1 and Ab/ exon 2
(ela2, p190), found in approximately 70% of acute lymphocytic leukemia (ALL), Bcr
exon 13 and Ab/ exon 2 (el13a2, p210) and Ber exon 14 and Abl exon 2 (el4a2, p210).
Combined, e13a2 and el4a2 have been found in greater than 95% of chronic
myelogenous leukemia (CML) and 25% of ALL (Burmeister, 2008). The BCR and Ab!
breakpoint regions and fusion transcripts are shown in Figure 1 taken from Burmeister

and Reinhardt (Burmeister, 2008).

Cytogenetic studies can be performed on bone marrow of patients diagnosed with CML
to detect the Philadelphia chromosome. Additionally, molecular diagnostic tests for
detection of Bcr-Abl fusion transcripts, including real-time revere transcriptase
polymerase chain reaction (rt RT-PCR) have been developed (Tefferi, 2005). Laboratory
use of these molecular tests has led to efforts to develop standardized tests to ensure

quality control and reduce lab-to-lab variability (Gabert, 2003). Recently, researchers



have developed multiplex PCR assays for detection of the most common Bcr-4b! fusion

transcripts along with minor variants that have been identified (Burmeister, 2008).

Loop-mediated isothermal amplification (LAMP) is a nucleic acid amplification
technique that was first described by Notomi and coworkers in 2000. This technique
originally utilized four primers targeting six distinct sequences on the template nucleic
acid. The addition of reverse transcriptase into the reaction, termed reverse-transcription
LAMP or RT-LAMP, allows for the detection of RNA templates under the same
conditions (Notomi, 2000). The addition of loop primers was later shown to increase the
rate of the reaction and reduced amplification times significantly (Nagamine, 2002). The
utility of LAMP and RT-LAMP has been reported for numerous human and animal
bacterial, protozoan and viral pathogens including: Salmonella enterica (Ohtsuka, 2005),
African trypanosomes (Kuboki, 2003) and Foot and Mouth disease virus (Dukes, 2006),
amongst many others. Several recent reports demonstrate the feasibility of using RT-
LAMP in the detection of metastatic gastric (Horibe, 2007; Muto, 2011), lung (Maeda,

2009) and breast (Visser, 2008) cancer.

We have developed real-time RT-LAMP assays for the detection of Bcr mRNA along
with e13a2 and e14a2 Bcr-Abl fusion transcripts. Assays were tested on a synthetic
control template consisting of the Bcr e13 and e14 exons and Ab/ a2 and a3 exons.
Assays were then down-selected based on these results and tested on RNA from

apparently normal human fibroblasts and CML cell lines.



Materials and Methods

Cell lines and cell culture

Cell lines used in this work are listed in Table 1. All cell lines, except Kasumi-4, were
maintained at 37 °C with 5% CO; in RPMI media (Gibco, BRL Life Technologies,
Grand Island, NY) supplemented with 15% fetal bovine serum (Gibco), GlutaMAX-I
supplement, Penicillin/Streptomycin, Vitamins solution, NEAA solution, amino acid
solution and NaOH. Kasumi-4 cells were cultured in the above media plus 10 ng/ml GM-

CSF, 10 mM HEPES, 1 mM sodium pyruvate and 20% fetal bovine serum.

Primer design

LAMP signatures were designed with the LAV A software (Torres, 2011), based on the
sequences of the typical and atypical BCR-ABL fusion transcripts. The specific fusion
transcripts which are targeted are described in Burmeister et al. (Burmeister,

2008). Whenever possible, multiple transcript sequences were used to create a consensus
sequence for signature design, which helps increase assay sensitivity. The goal with
each individual signature candidate design was to achieve exclusive amplification of only
one fusion transcript. In some cases, such as with the e13 variants, exclusive
amplification doesn't appear to be possible with every primer region combination because
primers targeting e13 variants are likely to detect e14 variants as well. To help minimize
problems like this, of the possible signature candidates for a transcript, candidates were
preferred which had primers that lied across, or as near to, the fusion site as possible.

Primers used in this work are listed in Table 2 (RT-PCR) and Table 3 (RT-LAMP).



Loop-mediated isothermal amplification

HPLC-purified primers were obtained from Biosearch Technologies (Biosearch
Technologies, Novato, CA). LAMP reactions contained 1.6 uM each FIP and BIP
primers, 0.2 uM each F3 and B3 primers, 0.8 uM each LF and LB primers, 320 nM
Picogreen dye (Invitrogen), 1x ThermoPol reaction buffer (NEB, Ipswich, MA), 1.4 mM
each ANTP (NEB), 0.8 M Betaine (Sigma), 8 mM MgSO., 8 units Bst polymerase large
fragment (NEB) and 5 pl sample brought up in a 25 pl final volume with nuclease-free
water (NEB). Reverse transcriptase-LAMP (RT-LAMP) reactions contained the same
reagents plus 1 unit ThermoScript reverse transcriptase (Invitrogen). Reactions were
amplified on either a MyIlQ or CFX96 real-time instrument (BioRad, Hercules, CA) with
constant heating to 63 °C and fluorescence detection measurements taken every minute

for 100 min.

PCR

Primers were obtained from Biosearch Technologies. PCR reactions contained 0.4 uM
each forward and reverse primers, 1x Taq PCR buffer (Invitrogen), 320 nM Picogreen
dye (Invitrogen), 0.2 mM each dANTP (NEB), 3.5 mM MgCl,, 1.25 units Platinum 7ag
polymerase (Invitrogen) and 5 pl sample brought up in a 25 pl final volume with
nuclease-free water (NEB). Reactions were amplified on a MylQ real-time instrument
(BioRad) using a heating profile of 95 °C for 5 min followed by 40 cycles of 95 °C for 1
min, 60 °C for 1 min and 72 °C for 1 min, followed by a 3 min extension at 72 °C.

Fluorescence detection measurements were taken every cycle.



RNA generated from synthetic template

A synthetic expression template comprising BCR exons 13 and 14 and Ab/ exons 2 and 3
from NCBI sequence AJ131466 was generated (Genscript, Piscataway, NJ). The
nucleotide sequence was cloned into pUC57 and pGS21a plasmids for DNA and RNA
template, respectively. RNA was generated from the pGS21a construct using T7
polymerase amplification kit (BioLine, Tauton, MA) using manufacturer’s instructions.
Resulting RNA was treated with DNase I to degrade pGS21a construct to prevent false
amplification of DNA template instead of RNA template. RNA was then aliquoted and

stored at -80 °C until needed.



Results and Discussion

Detection of wild-type BCR

A LAMP primer signature, bcrw_8, targeting the BCR mRNA transcript was designed
and tested against total RNA extracted from several Ph” and Ph™ cell lines. All of the cell
lines tested should be positive for BCR. Results shown in Figure 2 indicate that signature
berw_8 can detect wild-type BCR mRNA transcripts. Average threshold times (Tt), the
time at which the fluorescence signal becomes significantly greater than the background
signal, ranged from <25 min to >50 min, with no false positive reactions. This variation
in average Tt existed between cell lines and RNA isolations, suggesting either sequence
variation exists within the BCR coding regions or there was inconsistently generated

RNA template available for these experiments.

Detection of BCR-Abl fusion transcripts

LAMP primer signatures targeting the ela2 BCR-Abl mRNA fusion transcript failed to
successfully amplify total RNA from the ela3" cell line SUP-BI, therefore work on this
assay was suspended. Two LAMP primer signatures targeting the e13a2 BCR-Abl
mRNA fusion transcript were then tested. Signature el3a3 16 successfully amplified
target mRNA in e13a2" cell lines MEG-01 and Kasumi-4 along with e14a2" cell lines
KU-812 and K-562. As shown in Figure 1, these two e14a2" cell lines contain BCR-A4b!
mRNA fusion transcript that include BCR exon 13 and therefore should be positive in
reactions targeting el3a2 fusions. Signature el13a3 7 failed to amplify target mRNA in
e13a2" cell lines MEG-01 and Kasumi-4 along with e14a2" cell lines KU-812 and K-562

and was removed from future studies. Two LAMP primer signatures targeting the el4a2



BCR-Abl mRNA fusion transcript were then tested. Signature e14a3 124 and e14a3 201

both failed to amplify target mRNA in el14a2” cell lines KU-812 and K-562.

PCR detection of BCR-Abl mRNA fusion transcripts

Due to the sub-par performance of the LAMP assays on extracted RNA, we generated
cDNA from the cell line-derived RNA. Previously published PCR primers (Burmeister,
Leukemia Research 2008;32:579, see Table 2) were then tested on these cDNAs. Results
of these experiments are shown in Figure 3 A-E. PCR primers BCR1/ABL3 should
detect ela2 fusion transcripts and successfully detected them in the ela2" cell line
SUPB135, with no false positives in control cell lines TK6 and Nalm-6 (Figure 3 A). PCR
with these primers should be negative in e13a2" cell line MEGO1 and el4a2" cell lines
KU812 and K562 due to very large product size. PCR primers BCR6/ABL3 should detect
el13a2 and el4a2 fusion transcripts and successfully detected them in the e13a2" cell line
MEGOI and el4a2" cell lines KU812 and K562, with no false positives in control cell
lines TK6 and Nalm-6 or the ela2” cell line SUPB15 (Figure 3 B). PCR primers
BCR12/ABL3 should detect e13a2 and el4a2 fusion transcripts and successfully detected
them in the e13a2" cell line MEGO1 and el14a2" cell lines KU812 and K562, with no false
positives in control cell lines TK6 and Nalm-6 (Figure 3 C). However, an unexpected
secondary band was found in all three replicates of SUPB15 cDNA amplified with this
primer set. PCR primers BCR19/ABL3 should not detect ela2, e13a2 or el4a2 fusion
transcripts and was negative in all cell lines tested (Figure 3 D). Finally, PCR primers
BCR12/BCR-R should detect wild-type BCR transcripts and successfully detected them

in in control cell lines TK6 and Nalm-6 (Figure 3 E). Positive reactions in the ela2" cell



line SUPB15 and the e14a2” cell line K562 suggest that these aneuploid cell lines contain

at least one copy of the wild-type BCR gene.

Additional published PCR primers (Gabert Leukemia 2003;17:2318, see Table 2) were
then tested. Wild-type Abl transcripts were successfully detected using
ENF1003/ENR1063 in cDNA generated from RNA extracted from Ph™ control cell lines
and Ph" cell lines. Primer set ENF402/ENR561 successfully detected ela2 transcripts in
the ela2" cell line SUPB1S5, but produced some false positive reactions in the control cell
line Nalm-6 and the e14a2" cell line K562. Primer set ENF501/ENR561 successfully
detected el14a2 transcripts in the e14a2" cell lines K562 and Ku812, without false

positives.

Development of a synthetic target for LAMP primer development

Due to the sub-par performance of the LAMP assays on extracted RNA and the results of
PCR amplification on cDNA generated from the extracted RNA, a synthetic template
comprised of the BCR exons 13 and 14 and 4b/ exons 2 and 3 from NCBI sequence
information, AJ131466, was generated by Genscript (Piscataway, NJ). The 661
nucleotide sequence was inserted into pUC57 and pGS21a plasmids for DNA and RNA
template, respectively. Figure 4 shows a nucleotide alignment map of this insert against
accession number AJ131466, the BCR-Abl el4a2 fusion transcript. This synthetic target
allows us to test PCR primers for wild-type Ab/ along with PCR and LAMP primers for

the two most common CML fusions, el3a2 and el4a2.
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Conclusions

We designed and tested loop-mediated isothermal amplification primer signatures to
detect the presence of wild-type BCR, BCR-Abl e13a2 and BCR-ADI el4a2 transcripts in
Ph" cell lines. Our results indicate that we can detect BCR-Abl e13a2 and BCR-AbI
el4a2 transcripts, however, significant work still needs to be performed in order to fully

understand the properties of these signatures.
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Figures
Figure 1. Burmeister, T and Reinhardt, R, Leukemia Research 2008;32:579-58S5.

BCR and A4bl breakpoint regions and resulting fusion transcripts.
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Figure 2. Detection of BCR using RT-LAMP. mRNA isolated from listed cell
lines was amplified using LAMP primer set bcrw_8 targeting the BCR of
chromosome 22. Dates shown in legend are dates of RNA extraction. Dates
shown on X-axis are dates RT-LAMP reactions were performed. Values are

averages of three wells per sample. Error bars are +/- one standard deviation.
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Figure 3. PCR Amplification of cDNA from Ph" and Ph’ cell lines.
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Figure 4. Synthetic target template representing the BCR-4bl e13a2 fusion
transcript.
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Tables

Table 1. Cell lines used in this study.

Patient No. of BCR-Abl
Cell Line Cell Type Age/Sex Ploidy Ph chr. fusion
K-562  (CCL-
243) Erythrocytic 53F Triploid 0 el4-a2
Kasumi-4 (CRL-
2726) Myelocytic 6F Diploid 1 el3-a2
KU-812 (CRL-
2099) Myelocytic 38 M Triploid 2 el4-a2
MEG-01 (CRL-
2021) Megakaryocytic 55M Diploid 1 el3-a2
SUP-B15 (CRL-
1929) B-cell precursor M Diploid 1 el-a2
SD-1 (DSMZ B lymphoblastoid cell
ACC 366) (ALL) F near-tetraploid ? el-a2
TOM-1 (DSMZ hyperdiploid, 7%
ACC 578) B-cell precursor 54 F polyploidy ? el-a2
IM9 (GM04680) B-lymphocyte F Tetraploid 0 -
MOLT-4 (CRL-
1582) Lymphoblastoid 19M Hypertetraploid 0 -
NALM-6
(DSMZ ACC 128) | B-cell ALL 1I9M Diploid 0 -
TK-6  (CLR- T-cell
8015) Lymphoblastoid 5M Diploid 0 -
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Table 2. PCR primers used in this study.

Primer Sequence, 5°-3° Gene Target | Ref.
or location
ENF1003 TGGAGATAACACTCTAAGCATAACTAAAGGT | 4ABL Gabert
ENR1063 GATGTAGTTGCTTGGGACCCA ABL Gabert
Gabert
ENF402 CTGGCCCAACGATGGCGA ela2 Gabert
ENRS561 CACTCAGACCCTGAGGCTCAA ela2, el3a2, | Gabert
elda2
ENF501 TCCGCTGACCATCAATAAGGA el3a2, Gabert
elda2
ABL-3 CCATTGTGATTATAGCCTAAGACCCGGAG ABL exon 3 | Burmeister
BCR-1 CTCCAGCGAGGAGGACTTCTCCT BCR exon 1 | Burmeister
BCR-6 CCTGAGAGCCAGAAGCAACAAAGATGCC BCR exon 6 | Burmeister
BCR-12 AGAACATCCGGGAGCAGCAGAAGAA BCR exon Burmeister
12
BCR-19 ACTGAAGGCAGCCTTCGACGTC BCR exon Burmeister
19
BCR-R ATGTCCGTGGCCACACCGGACAC BCR exon Burmeister

19
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Table 3. RT-LAMP primers used in this study.

A. BCR target

Identifier Primer

bcrw_8_F3 GCCTGGCTTTCTCTTGGTAA

bcrw_8 B3 CTGATTGAGCACTGAGGCCT

bcrw_8_FIP TTTTAATGAAAGTGTCGGCCACGCTGGTGTCTTAGCAGCTGCA
bcrw_8_BIP ACTTGCGTGCATGTTGACTTCATTATCACTGCACCTGCTGCTT
bcrw_8_FL GGTGTGTAGGTGGCTGAGCT

bcrw_8_BL TGGGAAGAACCCCTGAGC

B1. BCR-AbI e13a2 fusion target, initial

Identifier Primer

el3a3_16_F3 CCTGACATCCGTGGAGCT

el3a3_16_B3 TTTCTCCAGACTGTTGGCTG

el3a3_16_FIP GGAGCTTTTCACCTTCCTTGTTGGATGCTGACCAACTCGTGTG
el3a3_16_BIP TAATCACAATGGGGAATGGTGTGCGTGATGTAGTTGCTTGGGA
el3a3_16_FL TGCTGTGGACAGTCTGGAGT

el3a3_16_BL AAACCAAAAATGGCCAAGG

el3a3_7_F3 TGGAGCTGCAGATGCTGA

el3a3_7 B3 TTTCTCCAGACTGTTGGCTG

el3a3_7 FIP CTAAGACCCGGAGCTTTTCACCTCAACTCGTGTGTGAAACTCCA
el3a3_7 BIP TAATCACAATGGGGAATGGTGTGCGTGATGTAGTTGCTTGGGA
el3a3_7 FL TGTTGATGGTCAGCGGAAT

el3a3_7 BL AAACCAAAAATGGCCAAGG

el3a3_38 F3 GATGCTGACCAACTCGTGTG

el3a3_38 B3 GGACACAGGCCCATGGTA

el3a3_38_FIP TGATTATAGCCTAAGACCCGGAGCACTCCAGACTGTCCACAGCA
el3a3_38_BIP GTGTGAAGCCCAAACCAAAAATGTTTCTCCAGACTGTTGGCTG
el3a3_38_FL TCACCTTCCTTGTTGATGGTC

el3a3_38_BL TCCCAAGCAACTACATCACG

el3a3_39 F3 TGTGTGAAACTCCAGACTGTCC

el3a3_39 B3 GGACACAGGCCCATGGTA

el3a3_39_FIP CACACCATTCCCCATTGTGATTAATTCCGCTGACCATCAACA
el3a3_39_BIP AAACCAAAAATGGCCAAGGCTAGGAGTGTTTCTCCAGACTGTTG
el3a3 39 _FL CCTAAGACCCGGAGCTTTTC

el3a3_39 BL TCCCAAGCAACTACATCACG
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B2. BCR-Abl el13a2 fusion target, modified

Identifier Primer
el3a3_16_F3 CCTGACATCCGTGGAGCT
el3a3_16_B3_MOD | TTTCTCCAGACTGTTGACTG

e13a3_16_FIP_MOD

GGAGCTTTTCACCTTTAGTTAGATGCTGACCAACTCGTGTG

el3a3_16_BIP TAATCACAATGGGGAATGGTGTGCGTGATGTAGTTGCTTGGGA
el3a3_16_FL TGCTGTGGACAGTCTGGAGT

el3a3_16_BL AAACCAAAAATGGCCAAGG

el3a3_7_F3 TGGAGCTGCAGATGCTGA

el3a3_7_B3_MOD TTTCTCCAGACTGTTGACTG

el3a3_7_FIP CTAAGACCCGGAGCTTTTCACCTCAACTCGTGTGTGAAACTCCA
el3a3_7_BIP TAATCACAATGGGGAATGGTGTGCGTGATGTAGTTGCTTGGGA
el3a3_7_FL_MOD TATTGATGGTCAGCGGAAT

el3a3_7_BL AAACCAAAAATGGCCAAGG

el3a3_38_F3 GATGCTGACCAACTCGTGTG

el3a3_38_B3 GGACACAGGCCCATGGTA

el3a3_38_FIP TGATTATAGCCTAAGACCCGGAGCACTCCAGACTGTCCACAGCA
el3a3_38_BIP MOD | GTGTGAAGCCCAAACCAAAAATGTTTCTCCAGACTGTTGACTG
el3a3_38_FLMOD | TCATCTTCCTTATTGATGGTC

el3a3_38_BL TCCCAAGCAACTACATCACG

el3a3_39_F3 TGTGTGAAACTCCAGACTGTCC

el3a3_39_B3 GGACACAGGCCCATGGTA

el3a3_39_FIP MOD | CACACCATTCCCCATTGTGATTAATTCCGCTGACCATCAATA
el3a3_39_BIP AAACCAAAAATGGCCAAGGCTAGGAGTGTTTCTCCAGACTGTTG
el3a3_39_FL CCTAAGACCCGGAGCTTTTC

el3a3_39_BL TCCCAAGCAACTACATCACG
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C1. BCR-Abl e14a2 fusion target, initial

Identifier Primer
el4a3_124 F3 GGGCTCTATGGGTTTCTGAA
elda3_124 B3 GGACACAGGCCCATGGTA

el4a3_124 FIP

CATTCCCCATTGTGATTATAGCCTGTCCACTCAGCCACTGGATT

el4a3_124 BIP

AAACCAAAAATGGCCAAGGCTAGGAGTGTTTCTCCAGACTGTTG

elda3_124 FL CCGGAGCTTTTCACTTGAAC
elda3_124 BL TCCCAAGCAACTACATCACG
eld4a3_201_F3 ATGAGTCTCCGGGGCTCTAT
eld4a3_201_B3 GGACACAGGCCCATGGTA

el4a3_ 201 _FIP

CCCATTGTGATTATAGCCTAAGACCCTGAATGTCATCGTCCACTCAG

el4a3_201_BIP

GTGTGAAGCCCAAACCAAAAATGTTCTCCAGACTGTTGACTGGC

el4a3_201 FL

CACTTGAACTCTGCTTAAATCCA

eld4a3_201_BL CTGGGTCCCAAGCAACTACA
eld4a3_139 F3 TGGGTTTCTGAATGTCATCG
eld4a3_139_B3 AGCAGATACTCAGCGGCATT

el4a3_139 FIP

CACACCATTCCCCATTGTGATTACAGCCACTGGATTTAAGCAGA

el4a3_139 BIP

AAAATGGCCAAGGCTGGGTCCCCATGGTACCAGGAGTGTT

eld4a3_139 FL CCTAAGACCCGGAGCTTTTC

eld4a3_139 BL CATCACGCCAGTCAACAGTC

eld4a3_11_F3 GAAGATGATGAGTCTCCGGG

eld4a3_11_B3 ACCAGGAGTGTTTCTCCAGACT

eld4a3_11_FIP TAAGACCCGGAGCTTTTCACTTGTGGGTTTCTGAATGTCATCG
eld4a3_11_BIP TAATCACAATGGGGAATGGTGTGCGTGATGTAGTTGCTTGGGA
elda3_11_FL TGCTTAAATCCAGTGGCTGA

eld4a3_11_BL AAACCAAAAATGGCCAAGG
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C2. BCR-Abl e14a2 fusion target, modified

Identifier Primer
elda3_124 F3 GGGCTCTATGGGTTTCTGAA
elda3_124 B3 GGACACAGGCCCATGGTA

el4a3_124 FIP

CATTCCCCATTGTGATTATAGCCTGTCCACTCAGCCACTGGATT

el4a3_124 BIP

AAACCAAAAATGGCCAAGGCTAGGAGTGTTTCTCCAGACTGTTG

eld4a3_124 FL_MOD [ CCGGAGCTTTTCACCTTTAG
elda3_124 BL TCCCAAGCAACTACATCACG
eld4a3_201_F3 ATGAGTCTCCGGGGCTCTAT
eld4a3_201_B3 GGACACAGGCCCATGGTA

el4a3_ 201 _FIP

CCCATTGTGATTATAGCCTAAGACCCTGAATGTCATCGTCCACTCAG

el4a3_201_BIP

GTGTGAAGCCCAAACCAAAAATGTTCTCCAGACTGTTGACTGGC

eld4a3_201_FL_MOD [ CTTTTGAACTCTGCTTAAATCCA
eld4a3_201_BL CTGGGTCCCAAGCAACTACA
eld4a3_139 F3 TGGGTTTCTGAATGTCATCG
eld4a3_139_B3 AGCAGATACTCAGCGGCATT

el4a3_139 FIP

CACACCATTCCCCATTGTGATTACAGCCACTGGATTTAAGCAGA

el4a3_139 BIP

AAAATGGCCAAGGCTGGGTCCCCATGGTACCAGGAGTGTT

el4a3_139 FL

CCTAAGACCCGGAGCTTTTC

eld4a3_139 BL CATCACGCCAGTCAACAGTC

eld4a3_11_F3 GAAGATGATGAGTCTCCGGG

eld4a3_11_B3 ACCAGGAGTGTTTCTCCAGACT

el4a3_11_FIP mod TAAGACCCGGAGCTTTTCACCTATGGGTTTCTGAATGTCATCG
eld4a3_11_BIP TAATCACAATGGGGAATGGTGTGCGTGATGTAGTTGCTTGGGA
elda3_11_FL TGCTTAAATCCAGTGGCTGA

eld4a3_11_BL AAACCAAAAATGGCCAAGG
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